


ALL DEGLACIAL MODEL-DATA COMPARISONS ARE WRONG
SOME MAY BE USEFUL

Andy Ridgwell

University of Bristol / University of California, Riverside

European Research Council Umvers1 of
EEEEEE ished by the European Commission '-_':.._%?.n BRISTOL




. Quantifying ‘time’ in
Outline of talk models and data




Outline of tfalk

6500 -

6000 |-

5500 -

Depth (m)

5000 -

4500 -

4000
0

Quantifying ‘time’ in
models and data

50 100
Age (kyr BP)

150 200 250




. . Quantifying ‘time’ in
Anticipated outcome of talk o inls el gt

One (or more) of the following:

»* This Is not relevant at all. forget about it

* Too late — this was relevant 15 years ago. drink beer

#* There are potentially important implications for bulk OB e 21y

carbonate and low sedimentation rate records.
But no-one in their right mind uses these any more.

* There are important implications for data-data (wiggle

matching) and model-data analysis. keep going

* There are important questions raised of where in the
sediments, and what fraction, of carbonate dissolves.

* Meh meh




A deep time perspective on shallow time, time
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. . Q fifying ‘time’ |
Age model artifacts -- lessons from deeper-time (1) S elals e gt

Consider: An event characterized by a (severe) reduction in carbonate

preservation
Age relative to the PETM (Ma)
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Age model arfifacts -- lessons from deeper-time (1)
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numerical model time-series or
external (to ocean) record (e.g. ice core)

low | high
pCO, (natm)




Quantifying ‘time" in

Age model artifacts -- lessons from deeper-time (1) e e
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Age model arfifacts -- lessons from deeper-time (1)
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Age model arfifacts -- lessons from deeper-time (1)

Mean CaCO, age relative to reference level (kyr)
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Age model arfifacts -- lessons from deeper-time (1)

Mean CaCO, age relative to reference level (kyr)
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Age model artifacts -- lessons from deeper-time (1)

Model-generated synthetic sediment

core response [Ridgwell,

CaCO; (Wt%)
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Age model artifacts -- lessons from deeper-time (1) o inls el gt
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. . Quantifying ‘time’ in
Age model artifacts -- lessons from deeper-time (1) o inls el gt
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. . Quantifying ‘time’ in
Age model artifacts -- lessons from deeper-time (1) o inls el gt
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. . Quantifying ‘time’ in
Age model arfifact lessons from deeper-time (2) modé,s%nd data

Consider: An event characterized by a (mild) reduction in carbonate

preservation
Age relative to the PETM (Ma)
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. . Quantifying ‘time’ in
Age model arfifact lessons from deeper-time (2) modé,S%nd data
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Quantifying ‘time’ in

Age model arfifact lessons from deeper-time (2) models and data
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Age model arfifact lessons from deeper-time (2)

Mean CaCO, age relative to reference level (kyr)
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models and data
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‘Interface’ CaCQO, dissolution
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models and data

Quantifying ‘time’ in

‘Homogeneous' CaCQO, dissolution

%o

=
5 8 *E ok ¥ S
2z ﬁ N 5
S Bunaw \ O
O mﬂ uoneqnjolq &
“ G..m
W 1§ S
[Q\|
a\ \
O
0
<
g s
(4p) 1—0
(qQ\] T T T T

o o
o (e 0] (o) < AN AN
~— |

(1AY) |19A8] JB1 0] BAlle[al abe Xn|} |ell1ap JuUeIsu0)



Shallow time, time (i.e. time in shallow time)
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Shallow time, time (i.e. time in shallow time)
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Quantifying ‘time’ in

Shallow time, time (i.e. time in shallow fime) models and data

Consider: Co-varying (glacial-interglacial) CaCQO, dissolution cycles and how
a (varying) stable isofope is recorded

Methodology: §'"°O of planktic carbonate follows the LR04 stack, plus atmospheric pCO, is

forced to follow the EPICA Dome C record, providing a varying preservation forcing on
CaCQO, in marine sediments.



Shallow time, fime (i.e. fime in shallow time

‘8 1:sprout.gay. bris.ac. uk - mushroomesprout - SSH Secure Shell

all.glcompute-0-2. local BIP 0/6/24 &.00 1x26-amdfd
4192 0.55500 runwuffin. mushroom E 03/08/2015 13:46:20 L
4291 0.55500 runmuffin. mushroom E 03/16/2015 22:01:35 1
4302 0.55500 runmuffin, mushroom E 03/18/2015 08:19:50 i
4303 0.55500 runmuffin. mushroom E 03/18/2015 08:20:05 1
4304 0.55500 runmuffin. mushroom | 4 03/18/2015 08:20:20 i
all.glcompute-0-3. local BIP 0/5/24 5.00 1xZ6-amd6d
4121 0.55500 runmuffin, mushroom E 02/16/2015 20:11:50 i
4202 0.55500 runmuffin. mushroom 1 4 03/08/2015 14:08:05 1
all.gicompute-0-4. local BIP 0/4/24 4.02 1x26-mmd6d
4215 0.55500 runmuffin. mushroom E 03/10/2015 19:55:20 1
4305 0.55500 runmuffin, mushroom E 03/18/2015 17:12:20 i
4307 0.55500 runmuffin. mushroom 1 4 03/18/2015 17:13:05 1
all.gicompute-0-5. local BIP 0/4/24 4.00 1x26-mmd6d
4191 0.55500 runmuffin. mushroom E 03/08/2015 13:46:05 1
4204 0.55500 runmuffin, mushroom E 03/08/2015 18:00:05 i
4246 0.55500 runmuffin. mushroom 1 4 03/13/2015 10:52:50 1

[mushroomBsprout genie-main]§ 1s
assumedgood. log GENIEconf.py
compare-bhasic.sh genie control.dep
comparelong.sh genie control.£80
config2xml.py genie_control.mod
genie_control.o
current_config.dat genie.dep
genie end wrappers.dep
genie end wrappers.fso
genie_end_wrappers.mod
genie_end_wrappers.o
genie example.joh

end_genie.dep
end_genie.f
end genie.o

extract-basic.sh genie. exe
extractvars.sh genie.F
extrap.dep genie_global.dep
extrap.f genie_global.£90
extrap.o genie global.mod
finc.py genie global.o

[mushroowlBsprout genie-main] §
[mushroomBsprout genie-main] §
[mushroomBsprout genie-mwain] § gstat -f

genie_ini_wrappers.dep
genie_ini wrappers.f£90
genie_ini_ wrappers.mod
genie_ini_wrappers.o
genie.job
genie_loop_wrappers.dep
genie loop wrappers. 20
genie loop wrappers.mwod
genie_loop wrappers.o
genie.o

genie_util.dep
genie_util.£50
genie_util.mod
genie_util.o

initialise genie.dep
initialise genie.F

initialise genie.o

local netcdf.dep
local netcdf.f50
local_netcdf.mod
local netcdf.o
local output.dep
local output.f90
local output.mod
local_output.o
makefile
makefile.arc
nccomp . py
netedf. ine
READNE

README. changes
runmuffin.ensemble.sh

qUEUSnaImE gtype resv/used/tot. load_avg arch scates
-aTL'.'ch-um;\Ee-—d!snwcal BIP 0/3/2% 3.00 1x2 G- 64
4295 0.55500 [unI’Jffln. mushroom 1 4 03/16/2015 22:07:50 1
.43-12- Séﬂﬂilﬂmuffln. mushroom E 03/20/2015 09:45:20 i
4313 5500 rummuffin. mushroom E 03/20/2015 09:48:50 1
all.gfcompute-0-1, local BIP 0/9/24 9.02 1x2 6-amd6d
4123 0.55500 runmuffin. mushroom E 02/16/2015 20:12:20 1
4201 0.55500 runmuffin. mushroom | 4 03/08/2015 14:07:50 i
4214 0.55500 runwuffin. mushroom E 03/10/2015 19:54:50 L
4261 0.55500 runmuffin. mushroom E 03/15/2015 14:07:50 1
4270 0.55500 runmuffin, mushroom E 03/15/2015 14:13:50 i
4272 0.55500 runmuffin. mushroom E 03/15/2015 14:14:05 1
4308 0.55500 runmuffin. mushroom | 4 03/18/2015 17:15:20 i
4311 0.55500 runwuffin. mushroom E 03/18/2015 17:35:05 L
all.gfcompute-0-2. local BIP 0/6/24 &6.00 1x2 6-amd6d
4192 0.55500 runmuffin. mushroom E 03/08/2015 13:46:20 1
4291 0.55500 runmuffin. mushroom | 4 03/16/2015 22:01:35 i
4302 0.55500 runwuffin. mushroom E 03/18/2015 08:19:50 L
4303 0.55500 runmuffin. mushroom E 03/18/2015 08:20:05 1
4304 0.55500 runmuffin, mushroom E 03/18/2015 08:20:20 i
all.glcompute-0-3. local BIP 0/5724 5.02 1x2 6-amdfd
4121 0.55500 runwuffin. mushroom E 0z/16/2015 20:11:50 L
420z2 0.55500 runmuffin. mushroom E 03/08/2015 14:08:05 1
all.gfcompute—-0-4. local BIF 0/4/23% 4.00 12 6-amd6i4
--i q_q_q;s_ﬂn runmuffin. mushroom E 03/10/2015 19:55:20 i
4305 D.SSSDfMuffln. mushroom E 03/18/2015 17:12:20 i
4307 0.55500 run@ffln. ushroom E 03/18/2015 17:13:05 1
-

all.glcompute-0-5. local BIF 0/4/23% 4.00 1xZ6-amd6i4
4181 0.55500 runmuffin. mushroom | 4 03/08/2015 13:46:05 i
4204 0.55500 runwuffin. mushroom E 03/08/2015 15:00:05 L
4246 0.55500 runmuffin. mushroom E 0341342015 10:52:50 1

[mushroowlBsprout genie-main] §

runmuffin. sh
runmuffin.t100.sh

testhiogem. out
testebgogs. out
testing.mak

translate config.py
user.mak

user.sh
TindowsCompilation. txt
write netcdf genie.dep
write netcdf genie.f30
write netcdf genie.o
write_netcdf.mod

Quantifying ‘time’ in
models and data



: : L : : Quantifying ‘time’ i
Shallow time, time (i.e. time in shallow time) “%’;32’{;%,,5” 50;2

Consider: Co-varying (glacial-interglacial) CaCQO, dissolution cycles and how
a (varying) stable isofope is recorded

vietivedelegyw.8°0 of planktic carbonate foIIows the LRO4 stack, plus atmosnheric-sEE; s

forced to follow the EPICA Dome. (CrecSil Uroviaing-a-anving preservation forcing on
ol marine sediments.

Instead: §'"°O of planktic carbonate follows SPECMAP while 500 PgC CO, removed from

the atmosphere (to the terrestrial biosphere) across the deglacial transition (and then
gradually added back again in a sawtooth shape).
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Shallow time, fime (i.e. time in shallow time)

Implications

* Once again, it matters ‘where’ CaCQO, dissolution occurs

(and what carbonate fraction) in accumulating sediments.

Distortion of time-varying signails is likely minimized if a
‘homogeneous’ mode of dissolution dominates.

#* Use of mulfiple benthic individuals (even if single species)
will avoid bulk sediment artifacts (other proxies will be
differentially affected though), but give rise to an
entertaining convolution of benthic foram population
dynamics (driven by [O,] and Corg flux variability), with @
time-varying G-l environmental signal. (This would be an
‘interface’ like situation.)

#* Single foram analyses in which both age-scale and
environmental proxy are simultfaneously measured, is ideal.
But e.g. §"°O would be adequate (“C not essential).

#* Modellers should learn some marine geology.

Quantifying ‘time’ in
models and data



Quantifying ‘time’ in
Oufcome models and data

One (or more) of the following:

»* This Is not relevant at all. forget about it

* Too late — this was relevant 15 years ago. drink beer

#* There are potentially important implications for bulk OB e 21y

carbonate and low sedimentation rate records.
But no-one in their right mind uses these any more.

* There are important implications for data-data (wiggle

matching) and model-data analysis. keep going

* There are important questions raised of where in the
sediments, and what fraction, of carbonate dissolves.

* Meh meh







Answers to questions

‘8 1:sprout.gay. bris.ac. uk - mushroomesprout - SSH Secure Shell

all.glcompute-0-2. local BIP 0/6/24 &.00 1x26-amdfd
4192 0.55500 runwuffin. mushroom E 03/08/2015 13:46:20 L
4291 0.55500 runmuffin. mushroom E 03/16/2015 22:01:35 1
4302 0.55500 runmuffin, mushroom E 03/18/2015 08:19:50 i
4303 0.55500 runmuffin. mushroom E 03/18/2015 08:20:05 1
4304 0.55500 runmuffin. mushroom | 4 03/18/2015 08:20:20 i
all.glcompute-0-3. local BIP 0/5/24 5.00 1xZ6-amd6d
4121 0.55500 runmuffin, mushroom E 02/16/2015 20:11:50 i
4202 0.55500 runmuffin. mushroom 1 4 03/08/2015 14:08:05 1
all.gicompute-0-4. local BIP 0/4/24 4.02 1x26-mmd6d
4215 0.55500 runmuffin. mushroom E 03/10/2015 19:55:20 1
4305 0.55500 runmuffin, mushroom E 03/18/2015 17:12:20 i
4307 0.55500 runmuffin. mushroom 1 4 03/18/2015 17:13:05 1
all.gicompute-0-5. local BIP 0/4/24 4.00 1x26-mmd6d
4191 0.55500 runmuffin. mushroom E 03/08/2015 13:46:05 1
4204 0.55500 runmuffin, mushroom E 03/08/2015 18:00:05 i
4246 0.55500 runmuffin. mushroom 1 4 03/13/2015 10:52:50 1

[mushroom@sprout genie-main]§ 1ls

assumedgood. log
compare-bhasic.sh
comparelong.sh
config2xml.py

current_config.dat

end_genie.dep
end_genie.f

end genie.o
extract-basic.sh
extractrars.sh
extrap.dep
extrap.f
extrap.o

finc.py

GENIEconf.py

genie control.dep
genie control.£80
genie_control.mod
genie_control.o
genie.dep
genie end wrappers.dep
genie end wrappers.fso
genie_end_wrappers.mod
genie_end_wrappers.o
genie example.joh
genie. exe

genie.F
genie_global.dep
genie_global.£90

genie global.mod

genie global.o

genie_ini_wrappers.dep
genie_ini wrappers.f£90
genie_ini_ wrappers.mod
genie_ini_wrappers.o
genie.job
genie_loop_wrappers.dep
genie loop wrappers. 20
genie loop wrappers.mwod
genie_loop wrappers.o
genie.o

genie_util.dep
genie_util.£50
genie_util.mod
genie_util.o

initialise genie.dep
initialise genie.F

initialise genie.o

local netcdf.dep
local netcdf.f50
local_netcdf.mod
local netcdf.o
local output.dep
local output.f90
local output.mod
local_output.o
makefile
makefile.arc
nccomp . py
netedf. ine
READNE

README. changes
runmuffin.ensemble.sh

[mushroowlBsprout genie-main] §
[mushroomBsprout genie-main] §
[mushroomBsprout genie-mwain] § gstat -f

qUEUSnaImE gtype resv/used/tot. load_avg arch scates
-aTL'.'ch-um;\Ee-—d!snwcal BIP 0/3/2% 3.00 1x2 G- 64
4295 0.55500 [unI’Jffln. mushroom 1 4 03/16/2015 22:07:50 1
.43-12- Séﬂﬂilﬂmuffln. mushroom E 03/20/2015 09:45:20 i
4313 5500 rummuffin. mushroom E 03/20/2015 09:48:50 1
all.gfcompute-0-1, local BIP 0/9/24 9.02 1x2 6-amd6d
4123 0.55500 runmuffin. mushroom E 02/16/2015 20:12:20 1
4201 0.55500 runmuffin. mushroom | 4 03/08/2015 14:07:50 i
4214 0.55500 runwuffin. mushroom E 03/10/2015 19:54:50 L
4261 0.55500 runmuffin. mushroom E 03/15/2015 14:07:50 1
4270 0.55500 runmuffin, mushroom E 03/15/2015 14:13:50 i
4272 0.55500 runmuffin. mushroom E 03/15/2015 14:14:05 1
4308 0.55500 runmuffin. mushroom | 4 03/18/2015 17:15:20 i
4311 0.55500 runwuffin. mushroom E 03/18/2015 17:35:05 L
all.gfcompute-0-2. local BIP 0/6/24 &6.00 1x2 6-amd6d
4192 0.55500 runmuffin. mushroom E 03/08/2015 13:46:20 1
4291 0.55500 runmuffin. mushroom | 4 03/16/2015 22:01:35 i
4302 0.55500 runwuffin. mushroom E 03/18/2015 08:19:50 L
4303 0.55500 runmuffin. mushroom E 03/18/2015 08:20:05 1
4304 0.55500 runmuffin, mushroom E 03/18/2015 08:20:20 i
all.glcompute-0-3. local BIP 0/5724 5.02 1x2 6-amdfd
4121 0.55500 runwuffin. mushroom E 0z/16/2015 20:11:50 L
420z2 0.55500 runmuffin. mushroom E 03/08/2015 14:08:05 1
all.gfcompute—-0-4. local BIF 0/4/23% 4.00 12 6-amd6i4
L= i?gfh%.ﬁs-ﬂﬂ runmuffin. mushroom E 03/10/2015 19:55:20 i
4305 D.SSSDfMuffln. mushroom E 03/18/2015 17:12:20 i
4307 0.55500 run@ffln. ushroom E 03/18/2015 17:13:05 1
el T L Lkt ”

all.glcompute-0-5. local BIF 0/4/23% 4.00 1xZ6-amd6i4
4181 0.55500 runmuffin. mushroom | 4 03/08/2015 13:46:05 i
4204 0.55500 runwuffin. mushroom E 03/08/2015 15:00:05 L
4246 0.55500 runmuffin. mushroom E 0341342015 10:52:50 1

[mushroowlBsprout genie-main] §

runmuffin. sh
runmuffin.t100.sh

testhiogem. out
testebgogs. out
testing.mak

translate config.py
user.mak

user.sh
TindowsCompilation. txt
write netcdf genie.dep
write netcdf genie.f30
write netcdf genie.o
write_netcdf.mod

Quantifying ‘time’ in
models and data
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